1. Introduction {#sec1}
===============

Prostate cancer is the most common nonskin cancer in Australian men and the third commonest cause of cancer-related death[@bib1]. Conventional curative treatment for localized prostate cancer includes radical prostatectomy (open, laparoscopic, or robot-assisted) and radiotherapy (external beam radiotherapy or brachytherapy)[@bib2]^,^[@bib3]. Both these treatment options achieve good oncological outcomes for the patient, with potential side effects that adversely impact patient\'s quality of life (QoL)[@bib4].

Whole-gland high-intensity focused ultrasound (HIFU) is a minimally invasive treatment option for localized prostate cancer. Targeted coagulative necrosis minimizes injury to adjacent structures including the external urethral sphincter, neurovascular bundles, and rectal wall[@bib5]. As a newer technology, there is currently limited data published on the treatment outcomes of HIFU compared with radical prostatectomy and radiotherapy[@bib6]. However, there is increasing evidence to support HIFU as a clinically effective treatment with reduced adverse event rates[@bib5]^,^[@bib7]^,^[@bib8]. HIFU is an available treatment option for localized prostate cancer around the world including Australia, Europe, United Kingdom, North America, South Korea, and Japan[@bib8]^,^[@bib9]. In Australia, HIFU is Therapeutic Goods Administration approved for prostate ablation. It has also been approved by the Food and Drug Administration in the United States for prostate tissue ablation and covered by an insurance company for salvage treatment after radiotherapy for prostate cancer[@bib10], [@bib11], [@bib12]. This study adds to the existing literature on oncological and functional outcomes of whole-gland HIFU. This is the largest Australasian study on whole-gland HIFU and has the longest follow-up.

2. Subjects and methods {#sec2}
=======================

All men undergoing HIFU for treatment of localized prostate cancer, at a private urology practice in Melbourne, Australia, were invited to volunteer for this prospective study. Participants were recruited over eight years, from 2007 to 2015. Whole-gland transrectal HIFU procedures were performed by a single experienced urologist.

Transrectal prostate ablation was performed under general anesthesia with Sonablate-500® (SonaCare Medical©) HIFU with Sonachill® (SonaCare Medical©) rectal cooling device ([Fig. 1](#fig1){ref-type="fig"}). A preliminary cystoscopy with transurethral resection of median lobe of prostate and/or bladder neck was performed immediately before HIFU ablation[@bib13]. Transrectal probe is positioned manually to image the prostate for treatment planning in both axial and sagittal planes. The treatment plan would routinely exclude the external urinary sphincter and neurovascular bundles, with careful exclusion of the rectal wall. The prostate was ablated using three overlapping treatment sectors, with each treatment ablation zone (skittle) measuring 18 × 3 mm ([Fig. 2](#fig2){ref-type="fig"}). Each ablative cycle includes 3 seconds of ablation followed by 6 seconds off for reimaging, relocation, and cooling. The power settings were manually adjusted according to the distance from the energy source and tissue reaction as seen with ultrasound imaging. This technique minimizes overheating and cavitation of the tissue, which we believe leads to unpredictable ablation. At the completion of treatment, an 18Fr two-way Foley catheter was inserted for 3 to 4 days with outpatient trial of void. Oral antibiotics were prescribed for two weeks after ablation. Patients were discharged from the hospital the morning after treatment.Fig. 1Operative photos of high intensity focused ultrasound equipments. (A) Sonablate-500® (Sonacare Medical©, Charlotte, North Carolina, USA). (B) Sonachill® rectal cooling device (Sonacare Medical©, Charlotte, North Carolina, USA).Fig. 1Fig. 2Sonablate-500® (Sonacare Medical©, Charlotte, North Carolina, USA) user interface system.Fig. 2

Patients were followed up with prostate-specific antigen (PSA) tests after HIFU treatment. This was performed at every routine follow-up consultation starting at 6 weeks after treatment then at 3, 6, 9, 12, 18, and 24 months then annually thereafter. The role of post-HIFU biopsy was limited to men with PSA \>1 and rising, who were deemed to be suitable for further curative treatment such as salvage radical prostatectomy or radiotherapy. Patients with PSA recurrence more suitable for watchful waiting were imaged with staging computed tomography and whole body bone scan with view of starting androgen deprivation therapy if metastatic disease was found.

Study data were collated by a professional medical data manager. Demographic data, baseline disease, and QoL characteristics were collected before commencement of HIFU treatment. Survival and QoL outcomes were serially evaluated at routine follow-up consultations until the conclusion of the study period.

As there is currently no established definition for biochemical failure post-HIFU[@bib9], the primary outcome used in this study is failure-free survival (FFS) previously defined by Dickinson et al. [@bib7] as "no transition to any of the following: (1) local salvage therapy (surgery or radiotherapy), (2) systemic therapy, (3) metastases, or (4) prostate cancer--specific mortality". The secondary survival outcomes of this study were overall survival, prostate cancer--specific survival, and metastasis-free survival. Additional outcomes of this study include QoL outcomes and adverse event rates, including urinary incontinence, lower urinary tract symptoms, erectile dysfunction, rectal toxicity, and need for endoscopic intervention within 12 months. Validated assessment tools were used where applicable, including the Male Urogenital Distress Inventory (MUDI)[@bib14], International Index of Erectile Function (IIEF-15/IIEF-5)[@bib15], International Prostate Symptom Score (IPSS)[@bib16], and Radiation Therapy Oncology Group (RTOG) toxicity criteria[@bib17]. IIEF-5 is also known as the Sexual Health Inventory for Men[@bib18]. Postoperative erectile dysfunction was defined as preoperative IIEF-5 ≥17 but postoperative IIEF-5\<17[@bib4]^,^[@bib19]. Urinary incontinence was assessed using a 5-point Likert scale ranging from 0 to 4 ([Fig. 3](#fig3){ref-type="fig"}). Survival was calculated using Kaplan--Meier analysis. Statistical analysis was performed using IBM SPSS Statistics, Version 25.0 (Armonk, NY: IBM Corp.).Fig. 3Five-point Likert scale urinary incontinence questionnaire.Fig. 3

Ethical approval (17-1709-18) for this study was obtained from the Cabrini Human Research Ethics Committee.

3. Results {#sec3}
==========

3.1. Baseline demographics {#sec3.1}
--------------------------

A total of 70 men were included in the study, including 4 men who had salvage HIFU after failed radiation therapy. Among the men with International Society of Urological Pathology (ISUP) grade available (n = 64), 19 (29.7%) had ISUP 1, 28 (43.8%) ISUP 2, 7 (10.9%) ISUP 3, 10 (15.6%) ISUP 4, and 0 ISUP 5 disease[@bib20].The median duration of the procedure was 206.5 minutes and inpatient length of stay 1 day. The median follow-up duration was 83.4 months. [Table 1](#tbl1){ref-type="table"} summarizes the patient cohort demographics and disease characteristics.Table 1Baseline characteristics of prospective cohort undergoing whole-gland high-intensity focused ultrasound (HIFU) treatment of localized prostate cancerTable 1CharacteristicsValue n (%) or mean (±SD) or median (IQR)Total no. of men70Age67 (±8.7)Serum PSA5.0 (2.3-7.2)ISUP grade[a)](#tbl1fna){ref-type="table-fn"} ISUP grade 119 (29.7%) ISUP grade 228 (43.8%) ISUP grade 37 (10.9%) ISUP grade 410 (15.6%) ISUP grade 50 (0%)Biopsies[b)](#tbl1fnb){ref-type="table-fn"} Total cores14 (12-15) Total positive cores3 (2-5) Proportion of positive cores25.0% (11.8-40.0)T stage(radiological or clinical)[a)](#tbl1fna){ref-type="table-fn"}T1 T1a0 (0%) T1b2 (3.1%) T1c31 (48.4%)T2 T2a6 (9.4%) T2b15 (23.4%) T2c8 (12.5%)T3 T3a1 (1.6%) T3b1 (1.6%)Neoadjuvant hormones[b)](#tbl1fnb){ref-type="table-fn"}15 (23.1%)[^2][^3][^4]

3.2. Primary outcome {#sec3.2}
--------------------

FFS rates at 1 year, 3 years, 5 years, and 7 years after HIFU were 95.6%, 81.8%, 78.2%, and 71.3%, respectively. FFS stratified by ISUP 1, 2, 3, and 4 grades were 94.1%, 71.8%, 85.7%, and 80%, respectively at 5 years and 86.9%, 66.3%, 85.7%, and 64%, respectively at 7 years ([Fig. 4](#fig4){ref-type="fig"}). In addition, four men (4.7%) underwent retreatment HIFU. There was a median of 74.3 months (30.2-96.0) post-HIFU before salvage treatment and a median of 64.7 (28.2-93.6) months before salvage treatment or retreatment HIFU.Fig. 4Survival outcomes of whole-gland high intensity focused ultrasound treatment of localized prostate cancer. (A) Failure-free survival. (B) Overall survival. (C) Metastasis-free survival.Fig. 4

3.3. Secondary outcomes {#sec3.3}
-----------------------

Six (8.6%) men died across the duration of the study. Overall survival rate was 96.4% at 5 years and 96.4% at 7 years ([Fig. 4](#fig4){ref-type="fig"})**.** Prostate cancer--specific mortality was 0% across the entire duration of follow-up. Five (7.1%) men developed metastases, with a median metastasis-free survival of 75.4 months. Metastasis-free survival was 96.6% at 5 years and 90.9% at 7 years ([Fig. 4](#fig4){ref-type="fig"}).

3.4. Adverse events and complications {#sec3.4}
-------------------------------------

### 3.4.1. Incontinence {#sec3.4.1}

The baseline median MUDI score was 35 (30-43). There was negligible post-HIFU urinary incontinence with median MUDI of 32 (28--43) at 6 months, 33 (29--41) at 12 months, and 32 (29--46) at 24 months. No men required surgical treatment for urinary incontinence.

### 3.4.2. Urinary function/lower urinary tract symptoms {#sec3.4.2}

The baseline median IPSS was 7 (3--10). There was negligible change in post-HIFU urinary function with median IPSS of 4 (2--7) at 6 months, 3 (2--9) at 12 months, and 4 (1--7) at 24 months. Initial urinary retention rate after the operation was 25% (n = 16/63). However, only four (5.7%) men required endoscopic intervention for urethral stricture (1.4%, n = 1) or resection of ablated prostate tissue (4.3%, n = 3) within 12 months of treatment.

### 3.4.3. Erectile dysfunction {#sec3.4.3}

In sexually active men, mean IIEF-15 declined to 34% from 48.2 (±23.4) at baseline to 31.7 (±22.9) at 12 months but remained stable at 29.7 (±25.5) at 24 months. In men who had no or only mild erectile dysfunction at baseline (IIEF-5 ≥17), the mean IIEF-5 score declined to 37% from 23.5 (±1.6) at baseline to 14.7 (±9.6) at 12 months but similarly remained stable at 16.2 (±9.0) at 24 months. Postoperative erectile dysfunction rates were 52.4% at 12 months and 42.1% at 24 months.

### 3.4.4. Rectal toxicity {#sec3.4.4}

The median RTOG rectal toxicity score for all men was 0 for all items at 6, 12, and 24 months. One patient developed a prostatorectal fistula after primary HIFU treatment, which required a transanal repair and completely resolved[@bib21].

4. Discussion {#sec4}
=============

Whole-gland HIFU ablation was demonstrated to be an effective treatment of localized prostate cancer. In summary, 7 of 10 men treated with HIFU could expect successful treatment (no salvage therapy, metastatic disease, or cancer-specific mortality) at 7 years. Moreover, men could expect to have preserved continence and urinary function up to 2 years post-HIFU, with minimal risk of rectal toxicity. However, 4 of 10 potent men experienced postoperative erectile dysfunction.

At the time of publishing, this is the largest and longest prospective follow-up series on HIFU treatment for prostate cancer in Australasia, with a median follow-up of 7 years. This is longer than most medium to long-term international studies[@bib7], [@bib8], [@bib9]^,^[@bib22]. A commonly discussed caveat against the growing body of evidence for HIFU is the limited long-term data available. This publication partially addresses that evidence gap.

The overall (96.4%) and cancer-specific (100%) survival rates at 7 years for HIFU in treating localized prostate cancer were comparable with radical prostatectomy and radiotherapy series[@bib23]. Bill-Axelson et al. [@bib24] reported radical prostatectomy 5-year disease-specific mortality at 2% and Kalbasi et al. [@bib25] reported radiotherapy 7-year overall survival at 82--86%. Our results are consistent with a recent large multicentre study by Dickinson et al. [@bib7] that showed post-HIFU 5-year overall and disease-specific survival of 95% and 98%, respectively. Similar outcomes have been reported globally using HIFU ablation[@bib12]^,^[@bib22]^,^[@bib26].

QoL outcomes in this study were promising. Post-HIFU continence and urinary function were essentially unchanged from baseline at 12 and 24 months. Bowel toxicity was minimal except for a single case of rectal fistula, which occurred early on in the series and was subsequently avoided by switching to 3 seconds on treatment and 6 seconds pause. These results reflect the consensus that HIFU has a milder adverse event profile when compared with radical prostatectomy and radiotherapy[@bib4]^,^[@bib27]. Erectile function declined after HIFU treatment, with a postoperative erectile dysfunction rate (42.1%). The rate of erectile dysfunction (ED) at 12 and 24 months was similar to nerve-sparing prostatectomy (robotic or open)[@bib23]^,^[@bib28]. The result from this study was consistent with previous studies on erectile function post-HIFU[@bib27]^,^[@bib29].

In comparison with a previously published Australian series on HIFU ablation for prostate cancer, our results showed significantly better survival and QoL outcomes.[@bib30] We attribute this to a single treating urologist with extensive experience with both transrectal ultrasound imaging and HIFU ablation and the careful selection of patients with prostate volume of \<40 cc and minimal prostate calcification.

This study has several limitations. Firstly, there is no validated definition for biochemical recurrence after HIFU treatment. Furthermore, the criteria that apply to radical prostatectomy and radiotherapy are not appropriate to determining the outcome of HIFU ablation. The primary outcome of FFS has not been tested for construct validity. However, given the strict and comprehensive definition, FFS has face and content validity. Sample size was relatively small and extracted from a single center. This is unavoidable as HIFU is not yet widely available or used in Australasia. Regardless, this remains the largest Australasian study on HIFU for prostate cancer, to date. Regarding QoL data, censorship is inevitable during prospective questionnaire-based collection. Therefore, only results with drop-off rate less than one-third have been reported.

5. Conclusion {#sec5}
=============

At median follow-up of 7 years, whole-gland HIFU appears to have comparable survival outcomes with other cohort studies involving patients who underwent radical prostatectomy and radiotherapy. It has a mild adverse event profile, general low impact on QoL, and good preservation of urinary continence. The reduction in sexual function appears comparable with nerve-sparing prostatectomy. Whole-gland HIFU presents a potential alternative minimally invasive and safe option for the treatment of localized prostate cancer. Further comparative studies or randomized controlled trials should be performed to validate the findings that we observed in this study and long-term follow-up studies to determine the outcome beyond 10 years is needed.
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